ABSTRACT Although firefighting is a hazardous occupation, published evidence of long term lung damage in firemen is inconsistent. A group of 96 men from the West Sussex Fire Brigade, which covers a semi-rural, semi-urban area, were followed up for between one and four years. They included 31 non-smokers, 40 smokers, and 25 ex-smokers. After four years 12 firemen had been lost to the study. A control group of 69 volunteers, consisting of non-smoking men from various other occupations, were followed up in parallel. Lung function tests, covering a wider range than has been previously used in similar studies, were repeated six monthly for two years and annually for a further two years. The results were expressed in terms of the rate of change with time of the lung function variables. Many of the variables deteriorated in both firemen and controls, but the rate of deterioration was greater in the controls than the firemen for vital capacity, ratio of residual volume to total lung capacity, FEV,, FVC, peak expiratory flow (PEF), flow at 50% and 25% remaining vital capacity (V,o and V25 respectively), and airways resistance (Raw). With respect to PEF, V50, V25, and Raw the control subjects deteriorated more rapidly even than the smokers and ex-smokers among the firemen. Alveolar mixing efficiency (AME), a measure of small airways function, did not change significantly over the study period in any group. Non-smoking firemen had the highest mean value of AME, decreasing through ex-smokers, controls, and smokers. We conclude that these results show no evidence of chronic lung damage in West Sussex firemen; indeed, the firemen as a group show a lower rate of deterioration of lung function with age than do the control subjects. This is attributed to the selection of fit men for the service, continued 
capacity (V,o and V25 respectively), and airways resistance (Raw). With respect to PEF, V50, V25, and Raw the control subjects deteriorated more rapidly even than the smokers and ex-smokers among the firemen. Alveolar mixing efficiency (AME), a measure of small airways function, did not change significantly over the study period in any group. Non-smoking firemen had the highest mean value of AME, decreasing through ex-smokers, controls, and smokers. We conclude that these results show no evidence of chronic lung damage in West Sussex firemen; indeed, the firemen as a group show a lower rate of deterioration of lung function with age than do the control subjects. This is attributed to the selection of fit men for the service, continued physical training, and the regular use of breathing apparatus.
Firemen as a group have better than average lung function, especially with respect to such indices as FEV, and FVC.'2 Although increased rates of loss of lung function have been found,23 and some have shown chronic lung damage due to exposure to smoke and fumes,7 others have failed to find evidence in support of this.289These rather varied findings have been compounded by a change in attitude to the wearing of breathing apparatus over the past [10] [11] [12] [13] [14] [15] years. Whereas previously the use of breathing apparatus was considered to be unmanly and a nuisance, now it is accepted as a necessary and sensible precaution, materially contributing to the reduction of lung problems in firemen.8 Accepted 12 January 1987 All these previous studies have been carried out on city fire brigades and all but the Boston8 have been cross sectional. We report here a four year longitudinal study of the West Sussex Fire Brigade which covers an area half rural and half industrial in character. We used a larger range of lung function tests than have been used previously, including a newer test of gas mixing efficiency, in order to look for more subtle evidence of chronic lung damage.
Methods
The study was carried out with the full and active cooperation of the West Sussex Fire Brigade and their unions with an agreement that the information gained would be confidential. 116
Lungfunction in West Sussex firemen STUDY GROUPS From a printed list of men serving at six fire stations, chosen to represent a cross section of rural and urban fire fighting activity, 127 were randomly chosen. The study was explained to them and they were given a free choice of joining or not as they wished. Of these, 93 agreed to participate and in addition eight men who were keen to volunteer were accepted into the study, making a total of 101. No information is available on the respiratory status of those who declined the invitation. The control group consisted of 69 male volunteers from a wide variety of occupations who were being tested at intervals as part of another study relating to the effects of tobacco smoke. Attendance for a minimum period of 18 months was required for acceptance into this group. Table 1 gives data for age and height for both groups.
All members of the control group were non-smokers whereas the firemen included smokers, ex-smokers, and non-smokers. A smoker was defined as someone who had smoked at least one cigarette a day (or its equivalent in cigars or tobacco) for the previous year. Ex-smokers had not smoked for at least one month. Never smokers (referred to here as non-smokers) had at no time fulfilled the criterion for being a smoker. Although most firemen maintained their smoking category during the study period, 24 did change their habit. These were classified according to their predominant habit during the four years, which in all but one was the same as at the time of entry to the study.
TESTS PERFORMED
Each subject was seen and examined by a doctor, an ECG and chest x ray films were taken, and the MRC questionnaire on respiratory symptoms and smoking habits was completed. At the start of the study lung function tests were done twice at an interval of about one week to provide a baseline and to familiarise the subjects with the procedures. Thereafter, tests and the questionnaire were repeated at six monthly intervals in the firemen for two years, and annually for a further two years, whereas in the controls they were continued at six monthly intervals. From the third visit onwards the questionnaire was slightly altered to ask for symptoms occurring since the previous visit. 
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The calculations for these were performed on an Apricot FlO computer using the SPP statistical package by P Royston, obtained from Timberlake Clarke of Greenwich.
Results
By the end of four years 12 firemen had left the study. Four retired, two for health reasons, four resigned, one transferred, and three wished to discontinue the study. Four left in the first year, six in the second, one in the third, and one in the fourth. An additional four retired during the study period but they continued to participate. A minimum period of 12 months in the study (four lung function testing sessions) was considered necessary to calculate the regression lines; five had to be excluded on this count, leaving 96, of whom 40 were smokers, 31 non-smokers, and 25 ex-smokers. In non-smoking firemen RV/TLC showed the lowest rate of increase. Interestingly and surprisingly at first sight, they also had the highest rate of loss of FEV,/FVC, whereas smokers had the lowest. This was beause in smokers the fall in FVC was relatively greater than the fall in non-smokers, and had a greater effect on the ratio than did the smaller fall in FEV,. Table 3 shows the significance of the difference in mean slopes between the groups and subgroups. The differences are most pronounced between firemen and controls, firemen having the lower rate of loss of function with respect to VC, RV/TLC, FEV, FVC, PEF, V50, V25, and Raw. With respect to PEF, V-, V25, and Raw the controls deteriorated more rapidly than even the smokers and ex-smokers among firemen. In ex-smokers FRC, PEF, and Vtg increased whereas they fell in non-smokers. The lower slopes for FEV, and FVC in ex-smokers fail to reach a statistically significant difference from those in other firemen.
Regarding AME, no significant change with time was noted. It was therefore decided to take the mean value of all the results for each individual and to compare the subgroups using these mean values. Table  4 shows the results obtained and table 5 the significance of the differences. The mean value is highest in the non-smoking firemen, falling through ex-smokers, controls, and smokers in that order. Controls and smokers are significantly lower than non-smoking firemen, and smokers are also significantly lower than ex-smokers. Because AME is not widely used, not a great deal is known about its relation to other tests of lung function. We therefore took the opportunity to correlate it with five indices of gas flow-namely, FEV,, PEF, 'V-, V25, and specific airways conductance SGaw. V25 is possibly an index of small airways flow, whereas the others are predominantly indices of large airway function. The correlations were performed using pairs of values for the variables from every session and pooling the data for firemen and controls. Table 6 shows the values of r, p, and slopes of the regression lines. A significant positive correlation was found with all except SGaw; however, the slopes and the values of r are so-small that at the most all that can be said is that there is a slight underlying trend affecting both variables. Thus although the correlations are statistically significant, they do not appear to be of any physiological importance.
The results from four subgroups of firemen were looked at separately. These were: (1) the eight volunteers; (2) five who had fewer than four studies and for whom regression equations were therefore not calculated; (3) 12 who left the study in under four years, inclusive of subgroup (2); (4) 22 officers higher than sub-officer. If any of the first three subgroups differed from the remainder bias might be introduced into the results. The officers in subgroup (4) are usually less Calculation of the rate of change of a variable required a minimum of four data points over one year. Five firemen dropped out before completing one year, leaving 96 men for whom regression equations could be calculated. The loss of this small group would be unlikely to bias the results to any great degree and in any case they had been shown not to differ from the remainder of the group.
Lung volumes are a function of body size, and various means of normalising for this have been used, including dividing volume by height,2 height,3 and height.4 [12] [13] [14] We chose to divide by height,3 partly because this might be expected to be the most closely related to body volume. In practice it makes little difference to the comparison between our groups which correction is used because their heights are similar.
A difficulty arises from the fact that the mean age of the control group is seven years greater than that of the firemen. Provided that the rate of change of a variable does not change with age this will not be a problem. Fletcher et al found an accelerating deterioration of FEV, with age in smokers,'4 and to test this we plotted FEV, slope against age for each subgroup and all groups combined. Only in the smokers did slope increase with age, the change being -08 ml/m3 year2.
In general the results show that lung volumes, flows, and dead spaces all decrease with age whereas RV/ TLC increases, both in firemen and controls. The fall in Vt nw, and hence MV nw, was most probably due to familiarisation with the tests over a period rather than a true fall in resting tidal volume. Neither Vent eff nor AME showed a significant change with time, even though the mean values in the groups differed significantly. Either the change in these variables in someone who starts or stops smoking is gradual, or there is relatively rapid stepwise change followed by a plateau at a new level. Other studies on smoking at this institute do not support the stepwise change hypothesis, so the response to changes in smoking habit is probably rather gradual. Smokers had the lowest value whereas non-smoking and ex-smoking firemen had higher values than the control subjects. The absence of any physiologically significant relation Horsfield, Guyatt, Cooper, Buckman, Cumming between indices of flow, which are primarily measures of large airway function, and AME is suggestive evidence that AME is a measure of small airway function. The lower values found in the smokers therefore suggest the possibility of small airways damage, whereas the higher values found in firemen who are not currently smoking show that they have better gas mixing than the control subjects.
Among the firemen, smokers had the fastest rate of deterioration of TLC, VC, FRC, FEV, FVC, and Raw, indicating the long term damage to their lungs produced by smoking. Nevertheless, the control subjects lost FEV, FVC, and VC, and increased RV/ TLC, faster than did smoking firemen. Thus the physical activity and training that firemen are required to undertake does seem to maintain their fitness, at least as judged by lung function. 1985 showed two cases of asthma and one of chronic bronchitis from a brigade of 375 full time and 273 part time men. In only one of these was there any suggestion that exposure to fumes had played a part in the genesis of the problem.
West Sussex firemen are a specially selected group, being self selected on application to join the service and selected on entry from a waiting list. As a consequence they are fitter than average and maintain their fitness by regular physical training. This coupled with the regular use of breathing apparatus, probably explains their above average lung function and its slower rate of deterioration with age.
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